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I. Summary of Research (AFOSR 82-0241)

During the period covered by this report (September 1, 1982-November 30,
1986), the following progress was made.

A. Compounds that contain NF20, NO, NO2 , -NF, -N-N-, NC1 2 or NF2
functionalities

Although NF30 is kineticallv inert, it can be reacted with strong Lewis
acids either at ambient or lower temperature to form a white salt, e.g., with
AsF 5 to form NF20+AsF 6

- which is partially dissociated to the reactants at
25 "C. When a trifluorovinvl olefin was added to the salt in the presence of
excess NF 30, the corresponding N,N-hvdroxylamine results. With totally
fluorinated 1-alkylolefins (C3F6 and C7 F1 4 ) or with other trifluorovinyl
olefins (CF2 -CFSF5 and CFZ-CFC(O)F) only Markovnikov-type addition was
observed, i.e., F added to the vinyl methylene carbon. However, for olefins
F2C=CFRf (Rf - OC2F 5 , OCF 2CF(CF 3 )0C3F 7 , Cl or Br) only anti-Markovnikov-tvpe
addition occurred, e.g., NF2 0 added to the vinyl methylene carbon. To test
the relationship between orientation of addition and the presence of an atom
in the vinvlic position to donate electrons, NF 30 was added to the penta-

fluoroalkylic ethers CF7-CFCF 2 OCF 2CF(SO 2 F)CF3 and
CF2 sCFCF 2OCFOCF(CF3 )CF2 OCF(CF 3 ) to give exclusively the Markovnikov-type
addition products. We believe the orientation of addition can be explained by
electrophilic attack of NF2O+ on the double bonds: perfluoroalkenes gave
Markovnikov products while perfluorovinyl ethers yielded products with the
opposite orientation due to the reversed polarity of the double bond. Addition

reactions occur with terminal olefins only. The compounds formed in the
reaction are colorless, thermally stable liquids.

1

During the investigation of trifluoramine oxide addition to fluoro-
olefins, the occasional formation of small amounts of intensely blue nitroso
compounds, particularly at elevated temperatures, was observed. For example,

in an effort to form (CF3 )RfCFONF2 , via a thermally-induced, free radical
addition of NF30 to a fluoroolefin, only perfluoronitrosoalkanes and per-

fluoroalkanes were observed. This probably occurs via a free radical abstrac-
tion of fluorine from NF30 by the olefin to form the alkane and to produce ONF
which subsequently adds to the olefin.

Taking advantage of the ability of radicals to abstract F. from NF3 0, it
was found that when two parts NO and three parts NF30 were reacted with three
parts olefin, e.g., F2C-CF(n-C 5Fll) in the presence of KF with acetonitrile

as solvent, a 78% yield of the nitroso compound resulted. This method was
also useful in converting CF2-CFSF 5 and CF2-CFOC 2F 5 to their respective deep
blue nitrosos in good yield. Only Markovnikov-type addition occurred.

5

In continuing the studies of the synthesis of nitroso-containing com-
pounds, hepatafluoronitrosocyclobutane and nonafluoronitrosocyclopentane were
prepared via reaction of the perfluorocycloolefin with ONF which was gener-
ated in situ from CINO or NO2 with KF in acetonitrile. The formation of the
nitroso compounds is believed to be a stepwise process with the CINO (NO2 )

initially and rapidly being converted to ONF followed by its much slower
addition to the olefin. The cyclic nitroso compounds underwent thermal
decomposition at 165 OC in Pyrex glass to form colorless nitro derivatives.

1,2-Cycloaddition reactions occur with C2 F4 to give oxazetidines, and 1,4-
cycloaddition reactions with 1,3-hexafluorobutadiene gave oxazines. When the

I



nitroso compounds are heated with N2 F4 in the presence of SiO 2 , perfluoro-
cvcloalkvl-N'-fluorodiimide N-oxides, e.g.. M N(O)=NF, resulted. However, in
the absence of glass, (perfluorocvcloaikvl)difluoroamines, e.g., (DNF2 ,
formed. All of the new compounds are stable at 25 "C and are hvdrolvticallv
stable, at least in the presence of moist air. A molecular ion was observed
in the mass spectra of all of the perfluorocvclicalkvlnitroso derivatives.

3

Further studies on the reaction chemistry of c-C 4F7NO and c-C 5FgNO with
aromatic amines in methanol gave rise to a new familv of stable perfluoro-
cvcloalkvl(arvl)diazenes. These are bright yellow materials that were

prepared in low yield and were difficult to purify.1  It is interesting to
note that when CF3NO was reacted with CH 3NH2 , CF3N=NCH 3 was produced whereas
when CF.2(CF.)).'CFNO was reacted similarly with CH3NH2 , a diazene 1-oxide
CH 3N(H)CCF 2CF 2 CN(O)=NCH 3 formed. This was confirmed by an X-ray crystal

structure determination.
8

A gas phase electron diffraction structure determination was done for

c-C4 F7 NO. Comparison with the parent compound, C4H8 , demonstrates that
fluorination of the ring results in lengthening the C-C bonds and flattening
of the ring. Just as for CF 3NO, the C-N bond is longer than expected for a
N(sp2 )-C(sp3 ) bond. The exo orientation of the NO group, i.e., eclipsed
position with respect to the geminal F atom, corresponds to the eclipsed

conformation observed for CF 3NO.
9

Some verv interesting new N,N-dichloro, N,N-difluoro and -N-N-compounds

resulted from the reactions of chlorine fluoride with polycvano compounds or
with difluoroamino or fluoroimino nitriles. For example, with tetracvano-

ethers and chlorine fluoride, saturation of triple bonds occurred with
concomitant loss of (NCl. ] to leave a five-membered unsaturated heterocvcle.

CI2N CF2CfC(CF-)NCI2)CF2N(CI)CF 2 , and with KCN, chlorine fluoride gave

FC(CF 2NCI 2 )3.
28

The reactions of olefins RfRf'C-CH 2 (Rf - Rf' - F: Rf - F, Rf' - H: Rf -

CF3 , Rf' - H) with N2F 4 gave NF2CF2CN and RfC(CN)-NF (Rf o F or CF 3 ) that when
reacted with chlorine fluoride gave stable N,N-dichloroamines, or in the case
of the latter compound N,N-dichloroamine or N,N-dichlorcamine-N',N'-chloro-
fluoroamine. After complete characterization, photolysis of -NCI 2 compounds
gave rise to a new family of stable diazenes. 2 1 The study of the reactivity
of NF2CF2 CN was extended to include its behavior with NH 3 , NH2OH, N2 H 4 -HCI,
and a varietv of polyfluoroalcohols and diols. When the product from the
ammonia reaction was thermolvzed at 135 OC, a stable heterocycle,
NF 2CF2C-N-C(CF 2 NF2)-NC(NH2 )=N, formed. With CF C(-NF)CN, ammonia gave three

products that exist in equilibrium at 25 OC H2 N -N-N-(CF3 )
HN-CNHN-C(CF 3 ) HN-CN--N7H(CF.). 21

The study of -NF 2- and -NF-containing compounds continues. Interest is
still high in obtaining RfN-NF, RfNuNRf' and other reactive difluoroamino

compounds.

B. Reactions of trifluoromethvl or of perfluoro-t-butyl hvpochlorites

Trifluoromethvl hypochlorite has been reacted with RCHCH (R - SO2CHCH2 .

(CH 30) 3Si, Cl 3Si, (CH 3 )3Si) to form isomeric mixtures of the trifluoromethvl
ethers. With SbF 3 , CF 3OCH 2CH(SiClj)CI gave CF3OCH,2CH(SiF 3 )Cl, and when
CF 3OCHISi(CH 3 )3 )CH2 C1 was thermolvzed, the vinyl ether CF 3OCH-CH2 resulted.

.. -



The addition product of CF 3Ol with ClC-CHC1 was dehydrochlorinated to
CF 3OCCICCZ. which when chlorinated gave CF3OCClICCl 3 . The latter could not
be obtained by direct reaction of CF 30( with tetrachloroethvlene. Dechlorina-
tion of the CF 3OCI/CI 2C=CF 2 addition product gave CF3OCClCF2 , which formed a
bis(trifluoromethvl)ether, CF3OC(CI)OCF3CF2Cl that could be dechlorinated
with 4 3P to form (CF 30)2C=CF2. 1,1,1-Trifluoropropene with CF3OCI gave a
60% yield of the Markovnikov-type addition product. CF 3OCH(CF 3)CH 2Cl, which
when reacted with KOH formed cis-CF3CH=CClH as a result of [CF 3OH). The

yields of trifluoromethvl ethers formed by reaction of CH3OC(O)CH-CH.,

CH 3C(O)CH=CH 2 , and HC(O)CH=CH, with CF3OCI decreased from 65 to 5%,12

e The reactions of CF3OCI with SF5CF-CF. SF5CCICH2 , SF 5CH-CF2 ,
CF 3SF4CF=CF) also gave isomeric mixtures of the addition products with the

first olefin, but for the latter three the major products resulted from the
addition of CIF not CF3OCl. A rationale for the differing behavior of CF 3OC1
with olefins based on the relative electronegativities of the substituent

groups was proposed. 19

Although not as thermally stable as CF-OCI, (CF 3 )3COCI shows a much more
interesting and varied collection of behavioral modes including its oxidative
addition to elements or to central atoms in molecules where their oxidation
state is not maximum. Thus, we have shown that it will add to a varietv of
io-io-compounds at 0 'C. For example, with CF3I, ICF2CF2I, SF5CF2CF2I and
C6 F 51, the following I (III) compounds, CF 3I(ORf)2 , (RfO)2 ICF2CF2I(ORf) 2 ,

SF5CF.,CF2I(ORf) 2 and C6 F5 1(ORf)2 (RfO - (CF3 )3 CO), resulted, respectively. In
addition, with C6 F5 1(ORf)2 , further addition to the ring occurred,
(RfO).JICbF (RfO)2 CI2 . No I (V) compounds resulted regardless of conditions
emploved. l

C. Formation of polvfluoroalkvl fluorosulfates and their reactions with
selected nucleophiles

In a very unexpected reaction, we found that polyfluorinated alkyl
sulfites undergo an Arbuzov rearrangement with CIF - a rare mode of reaction
for sulfur compounds.4 Xenon difluoride as the fluorinating agent gave the
same products although in lower yields. Polyfluoroalkyl fluorosulfates.
RfOSO2F fRf - CF 3CH2 , (CF 3 )2 CH, CF1 (CH 3 )2C, CF 3CH(CH 3 ), CH 3CH2j, which
resulted from the Arbuzov rearranged product of CIF + (RfO)2 SO, were formed in

higher yields than from reaction of the respective polyfluioro alcohol with
sulfurvl fluoride or sulfuryl chloride fluoride. When reacted with amines and
alcohols or alkoxides, new polyfluoroalkyl sulfamates and dialkvl sulfate
esters formed. Unlike both perfluoroalkyl fluorosulfates and alkvl fluoro-
sulfates, the sulfur-oxygen bond in these polvfluoroalkvl fluorosulfates
remained intact in the presence of hard nucleophiles. With methanethiol and
bromide Ion, however, nucleophilic attack occurred primarily at the a-carhon
of CF3CH2OSO 2 F to pive methyl 2,2,2-trifluoroethyl sulfide and 2.2.2-tri-
fluoroethvl bromide, respectively. In sharp contrast fluoride ion was inert
toward these materials. Unlike perfluoroalkvlfluoro- and chlorosulfates, the
fluorosulfates in this study were remarkably stable to hydrolysis. In
addition the sulfamates were colorless, air and water stable liquids or solids
with very low vapor pressures. All of the dialkvl sulfate esters are invol-
atile liquids, insensitive to both air and water.

6 , 1 1



D. Synthesis of polyfluoroalkyl esters of difluoro(fluorosulfonvl)acetic
acid, diesters of difluoro(sulfonvl)acetic acid and some electron
diffraction structural studies of cyclic tetrafluorosulfur(VI) compounds

Tetrafluoroethane-B-sultone is a vulnerable target for a variety of
nucleophilic reagents, such as amines, mercaptans, alcohols, hydrogen sulfide
and carboxylic acids. Advantage has now been taken of the electrophilic
sulfur center in sultones to prepare a variety of mono-, di-, tri-, and
tetrasulfonvl fluorides. Tetrafluoroethane-R-sultone was reacted with
polyfluoroalkyl alcohols to yield new polyfluoroalkyldifluoro(fluorosulfonyl)-
acetates and di(oolyfluoroalkyl) esters of difluoro(sulfonvl)acetic acid,
e.g., RfOM + OCF.2CFS02 - RfOC(O)CF 2 SO2F where Rf - CF3CH2 , CF3CF9 CH2 ,
CF3CF 2CF2CH2 , CIF 1 5CH2 , CF 3(CH 3 )CH, (CF3 )2CH, (CF 3 )2C(CH 3 ) and CH.(CF3 )2CH2 .
By changing the stoichiometrv to 2 moles alcohol/l mole sultone, diesters,
RfOC(O)CF-)SO)ORf , were synthesized. In addition, alkylpolyt(fluorosulfonvl)-
difluoroacetatesl were obtained, e.g., RCHn(CH 2OH)3_n + (3-n)OCF2CF 2SO2

RCHn(CH.2OC(O)CF 2SO.2F) 3 _n where R - CH3 , n = 0 02 N, 0; OC(O)CF2SO2F, 2:
CH2OC(O)CF 2SOF, 0. The new mono- and diesters are all colorless, slightly
volatile or involatile liquids at 25 OC. Each has high hydrolytic
stability.

26

Electron diffraction structure determinations were carried out in
cooperation with Prof. H. Oberhammer of TUbingen. In this instance, two
cyclic systems, CF2SF4CF2 F4 and CF2CF2 CF2CF2SF4 , have been studied. Regard-

less of whether the compound is cyclic or acyclic, the S-C bond length is a
function of the oxidation state of the sulfur -- the lower the oxidation state
of sulfur, the shorter and, thus, stronger the bond. The S-Fax bond lengths
are lonper by 0.03b A than the equatorial bonds and are slightly longer than
in SF6 .10.16

E. Derivatives of sulfur hexafluoride resulting from oxidative addition-
displacement reactions of trifluoromethvlimidosulfites with chlorine
fluoride. Some reactions of CF3SF4CI.

The high kinetic stability of sulfur hexafluoride has caused it to be
employed only rarely as a precursor to sulfur(VI)-containing compounds.
Because of the inertness of the formal parent molecule, the search for
alternate routes to mono, di and more highly substituted sulfur hexafluoride
derivatives has continued to attract the attention of chemists with Foals of
synthesizing compounds of equivalent thermal and hydrolytic stability but,
e.g., with higher boiling points or improved dielectric properties.

Earlier in these laboratories, a powerful route to the synthesis of
N,N-dichloroperfluoroalkylamines and N,N-dichloroperfluoroalkvlamides, RfNCI2
and RfC(O)NC1 2 , was discovered when the appropriate imidosulfurous difluorides

were reacted with chlorine fluoride, e.g., RfN-SF 2 (RfC(O)N-SF 2 ) + excess CIF
+ RfNCI.2 (RfC(O)NCI2 ) + SF4. In an attempt to determine the effect that less
electronegative substituents on sulfur (other than fluorine) would have on the
products formed when RfN=SX2 (X 0 F) was reacted with chlorine fluoride, a
variety of bis(polvfluoroalkyl)(trifluoromethvl)imidosulfites were svnthe-
sized. Surprisingly, oxidative addition reactions between chlorine fluoride
and trifluoromethylimidosulfites, CF3N=S(ORf).2 fRf - CF4 CH2, CF3CF2CH2 , and
CF3CFCF2CH2), result in the formation of both the cis and trans tetrafluoro-
bis(polvfluoroalkoxv)sulfur isomers, F4S(ORf).2 . The isomers are separated
easily, with the trans form predominating. The trifluoromethvlimidosulfites,



CF 3N=S(ORf)2 (Rf = CF3CH), CF 3CF)CH), CF 3CF2CF)CH). (CF3)2C(CH 3 ), CF 3C(CH 3 )2
and (CF 3 )2CH!, and CF3N OCH2(CF2)2CH20, were prepared from the reaction of
the lithium salts of the polyfluoroalkvl alcohols and trifluoromethvlimido-
sulfurous difluoride. Reactions of CIF with (CF3CH2 0)2 S=NCO)OCH.CF3 also
resulted in cis and trans-F4 S(OCH2CF 3 )2 . The reaction of ethylene glycol with
trifluoromethylimidosulfurous difluoride resulted in the imidosulfite,

CF 3NSOCH.,CH0, when NaF was used as a base.
20 ,1I

trans-Chlorotetrafluoro(trifluoromethvl)sulfur(VI), CF3SF4Cl, readily

underwent reductive defluorination to sulfur(IV)-containing compounds when it
was reacted with nitrogen- or oxygen-containing nucleophiles. Thus,

CF 3S(NR2 )2C1 resulted from a variety of nitrogen bases, such as R2 NH
piperidine, 2,6-dimethblpiperidine, 2,2,6,6-tetramethlpiperidine, morpholine,
3,5-dimethvlmorpholine, and N,N'-dimethvlethenediamine. With alcohols,

CF 3S(ORf)2 C1 was formed where RfOH - 2,2,2-trifluoroethanol and 1,1,1-tri-
fluoro-2-propanol. Due to the low stability of all of these compounds,
complete characterization was difficult.2 0

F. Syntheses and structural characteristics of new highly fluorinated
1,3,2,4-di(t-butyl)diazaphosphetidines

In an attempt to learn more about the effects of introducing nonster-
icallv demanding, as well as bulky, strongly electron-withdrawing substit-
uents at phosphorus(III) in cis-ClPN(t-C 4 H9 )P(CI)N(t-C4H9 ) (A) on the forma-
tion, stability, and relative amounts of cis and trans isomers, metathetical
reactions with a variety of nucleophiles were attempted. A series of lithium
salts of polyfluorinated alcohols were reacted with cis-A to form the poly-
fluoroalkoxv derivatives. The acyclic derivatives, i.e., RfO - CF3CH2O,
CF3 CF9CH2O, CF3 CF2CF2CH2 0, gave the trans isomer as the major stable product.
However, the cis isomer is the major stable product formed between A and
CF 3CH2OH and CF3CF2 CFzCH2 OH in the presence of triethvlamine. The trans
isomer also was the sole product with hexamethyldisilizane. However, when RfO

- C6 F50 24 or (CF 3 )2 CHO, the cis isomer was the more stable conformer. Silver
trifluoroacetate reacted with A resulting in the trans isomer as the major
product that on standing at 25 OC underwent Arbuzov rearrangement to the
trifluoroacetvl derivative, and phosphorus was, of course, oxidized to P(V).
Reactions with lithiated polvfluorinated diols, LiOCH2(CF2) 2 ,3 CH2OLi, produced
the polvfluorobisalkoxy-bridged diazaphosphetidines.

2-

G. Phosphorus(V) acids, acid phosphates, hypochlorites and peroxides and
their precursors

Some new routes to the previously known acids (Rf) 2 P(O)OH and RfP(O)(OH)2
(Rf - CF3 , n-C4 F9) as well as to the new acids (C2F 5 )2P(O)OH and C2F 5P(O)IOH) 2
were found. In addition, several mixed chloro(perfluoroalkvl)phosphorus(III)

and -(V) compounds have been synthesized as reaction precursors, including

(C2F5 )2 PC1 3 , C2F 5PC14 . (C2 F 5)2PCI, C2 F5 PCI 2. (C2F 5 )2P(O)C1. and C'2F5P(O)Cl 2 .
Under certain conditions, when chlorophosphines were oxidized with an excess
of NO2 , acid anhvdrides resulted, e.g., (C2F 5 )2 P(O)OP(O)(C 2F5 )2 and

c-(CZF 5PO2 ) 3.13

The new dibasic acid phosphates, RfOP(O1(OH)2 (Rf - (CF3)2 CH and

CF3 (CH1 )CH) and monobasic acid phosphates, (RfO)2P(O)OH (Rf - CFj(CHj)CH,
(CF 3 )2CH, (CF3 )2 CH3 C, CF3 (CH3 )2 C), as well as new routes to CF3CH2OP(O)(OH) 2 ,

and (CF3CH2 0)2 P(O)OH and tH(CF 2 )4CH201 2 P(O)OH were found. When heated in the



presence of water at 80 - 100 *C, (RfO)2P(O)OH was hydrolyzed to RfOP(O)(OH).)
which was converted to H3PO4 at higher temperatures. The dibasic acid phos-
phates RfOP(O)(OH)2 (Rf - (CF3)2CH3C, CF3(CH3 )2C) underwent dehydration to
form tRfOP(O)(OH)120. Additionally, the chioro precursors to these acids have
been synthesized, including the (polyfluoroalkyl)dichlorophosphinites. RfOPCI.,
(Rf = CF:3CH,), CF3(CHj)CH, (CFQj2CH, (CF3)*,CH3C, CF3(CH3)2C), and bis(poly-
Iluoroailkvl~chlorophosphonites, (RfO)ZPC1 (Rf - CF3CHZ, (CF3)')CH 3C,
FA(CHji)2C). If dinitroge tetraoxide was used as an oxidant, the former

were converted to RfOP(O)C12 and the latter to (RfO)2P(O)CI. Lithium poly-
fluoroalkoxides with PCI3 gave tris(polyfluoroalkvl)phosphites, (RfO)3P (Rf-

CF-(CHj)H,(CF3)2CH3jC, CF-j(CH-_) 2C, CF3CH), and (CF3)2CH), which were oxidized
to (RfO)3PO phosphates with N20 4 - In some cases, (RfO)ZPCI (Rf = (CF3)2CH-3 C,
CF3j(CH-_),)C) gave tetrakis(polvfluoroalkyl) diphosphates,
(RfO)2P(O)OP(O)(ORf)2 , and CF3CH20PCl2 gave CF-jCH2OP(O)(11-O)2P(O)OCH2CF3. The
(RfO)3P phosphites (Rf - CF3CH2, CF3_(CH 3)CH, (CF3j)2CH3jC, CF3(CH3)2C) underwent
Arbuzov rearrangements with C12 to form (RfO)9)P(O)CI. Hydrogen chloride

converted1 tC 3 C 3 jOIj otF(CH3)2C01 2P(O)H, which with chlorine formed

HOP(O)OCH2CFOCF2CHP(O wer

prepredby ontolld hdroysi oftheappopratebis(phosphorodichlor-
idates) and 2-chloro-5,5,6,6-tetrafluoro-1,3,2-dioxaphosheiane 2-oxide, i.e.,

A CI2P(O)OCH2)(CF2 )nCH2OP(O)C1Z (n = 2, 4) and GIP(O)OCH2CF2CF2CH-)A. The latter
compounds were obtained by the dinitrogen tetraoxide oxidation of
CI2POCH-)(CF2)nCH2OPCl2 (n - 2, 4) and CIPOGH2CF2CF2 CH-'O which were synthesized
from the reactions of PCI1j with HOCH2(CF2 )nCH2OH (n -2, 4) and

-AHOCH2(CF 2 )9)CH,)OH, respectively. On heating, at 95 'C in the presence of excess
water, HOP(O)OCH2CF2CF2CH2,O was converted to H3PO4 and the parent dial. The
tetrabasic bis(phosphates) hydrolyzed at 175-200 ' C to form H3PO4 and the
respective diols. 18

The new compounds, bis(perfluoroalkyl)phosphinvl hypochlorites,
(CF3)2P(O)OCI, (CZF 5)2P(O)OC1 and (C4F9)',P(O)OC1 were readily obtained by the

* reaction of the respective phosphinic acid. (Rf)ZP(O)OH. with chlorine
fluoride at -18 'C. Each hvpochlorite decomposed on warming to 25 C to form
chlorine and a new class of peroxides, (CF3)2P(O)OOP(O)(CF3j) 2,
(C2F5)2P(O)OOP(O)(C2F5)2 and (C4F9 )2P(O)OOP(O)(G 4F9)2, which were stable for
extended periods in Pyrex glass at 25 OC. Strong vibrational bands in the
Raman spectra at 7'50 cm r were assigned to v__

H. Carbonvl fluoride as a novel fluorinating agent

A patent on the utilization of carbonvl fluoride as a mild fluorinat-ing
agent was filed by the Research Corporation but was subsequently rejected by
the U. S. Patent Office. We continue to be interested in this method of
introducinp fluiorine into metal and nonmetal compounds. The followin , points
can be made with respect to its capabilities as a fluorinating agn.



% 1. very effective as a nonoxidative reagent at T 5 15(0 'C and without
catalyst with metal oxides, e.g., GeO02, SnO-), Bi2O3, MoO-_. W03j,
sb- O3. SeO2, TeO2, T102, MnO2, U03-, ThO2 , Hg.O (yellow), VOF3:; with
nonmetal oxides, e.g., SO03. P4 01 0 , SO2 SOFL), B903j, 03 PO,
T-iCH(CH3 )2NH, (RO)2P(O)H. C02 is the other product.

2. oxidative fluorination at 25 C with R-jP, (RO)3P, (PPCH2CH2P29 .
q)2PCH-CH')AsT2. CO is the other product.
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